Immunotherapy as an option of treatment in cancer has experienced an important development with the inclusion of vaccines. In lung cancer this type of treatment has emerged and vaccines can be classified in three groups: antigen-specific vaccines, tumor cell vaccines, and dendritic cell vaccines. Emepepimut (L-BLP25) and MAGE-A3 have been the vaccines most widely studied. Their promising results with benefit in survival and limited toxicity in preclinical and clinical trials have led to phase III trials with results eagerly awaited. Other vaccines have been investigated, but results were not favorable or are still pending. Hopefully, vaccines could be an additional instrument for the treatment of lung cancer in the adjuvant or metastatic setting as time will unveil the results of current and future trials.
Introduction
The human immune system comprehends a complex interrelation of pathways that provide different responses. Inflammation is one of these important responses the human body originates by trying to remove any deleterious stimuli and initiating the corresponding healing process [1] .
In 1863, Virchow hypothesized that cancer was preceded by chronic inflammation due to an enhanced cell proliferation [2] . Today, the relationship between inflammation, innate immunity and cancer is widely accepted, but understanding the role cellular and molecular mechanisms play in this relationship is complex and not clearly understood [3] .
The mechanisms of cellular immunity are started as antigen-presenting cells (APC), which include macrophages and dendritic cells, internalize circulating antigens. These cells create short peptides that are exposed at their surface in association with the major histocompatibility complex (MHC) class II molecule. As APC circulate, they come in contact with the appropriate CD4+ Thelper lymphocyte which then activates specific effector CD8+ cytotoxic T lymphocytes. These cytotoxic lymphocytes will circulate and recognize altered cells displaying the complementary MHC class I molecule on the surface, leading to granule exocytosis or expression of FAS ligand which will activate apoptosis [4, 5] .
Unfortunately, tumors may "evade" the normal human immune response, leading to development and proliferation of the disease. Given that tumors originate from the same organism from which the immune response will develop, tumors might be poorly immunogenic. Also, tumors might not activate apoptosis, down-regulate antigen expression, and secrete peptides that might lead to [6] tolerance or inhibition of the immune response [4, 7] .
Lung cancer has the highest cancer related mortality in the world with a 5 years overall survival of 15% [8, 9] . Non-small cell lung cancer subtype accounts for the majority of the lung cancers, accounting 80% of cases [10] . Given the increasing frequency and the high mortality, new chemotherapeutic regimens and specific target compounds have been approved to treat this disease, with important advances in response and survival [11] [12] [13] [14] . Still, lung cancer incidence and mortality are very high, though new and innovative treatment approaches are necessary.
Vaccines for cancer have been under development during the past years. Sipuleucel-T (Provenge®; Dendreon) was the first therapeutic vaccine approved by the FDA in April 2010, targeting prostate cancer [15, 16] . Sipuleucel-T induces an immune response targeted against the prostatic acid phosphatase, an antigen commonly expressed in prostate cancer. This type of immune response promotes an additional and targeted therapeutic option in prostate cancer, but the mechanisms by which Sipuleucel-T acts are somewhat similar to those that can be developed to treat other cancers.
Vaccines in cancer can be subdivided in antigen-specific, tumor cell, and dendritic cell vaccines. Of these, dendritic cell vaccines have not been widely developed in NSCLC [4, 17] .
NSCLC has benefited from the development of immunotherapy, and various molecules are currently under investigation. Emepepimut-S (Stimuvax®; Merck Serono) and MAGE-A3 (GlaxoSmithKline) are the vaccines that have shown the most promising results, but others are still under study.
Emepepimut-S
Emepepimut-S (Stimuvax®; Merck Serono) is an antigen-specific liposomal vaccine that targets the exposed core peptide of MUC1 tumor associated antigen, inducing a cellular immune response. This response leads to rejection of cells that express MUC1 [18] . Also called BLP25 (Biomira Liposomal Peptide 25), the vaccine consists of a 25-amino acid sequence that contains a palmitoyl lysine residue at the carboxyl terminal to help incorporate the lipopeptide into the liposome particle, monophosphoryl lipid A, and three lipids (cholesterol, dimyristoyl phosphatidylglycerol, and dipalmitoyl phosphatidylcholine) [19] . Studies have shown there is a strong antigen-specific T lymphocyte proliferation with a rapid response of cytotoxic T lymphocytes and helper T lymphocytes, generating an anti-MUC1 cell response towards cells expressing this protein [20] .
Two phase 1 studies have been published using emepepimut-S in NSCLC patients with stage IIIB and IV. Doses administered varied between them, one including doses of 20 µg or 200 µg for a total of 4 treatments at weeks 0, 2, 5, and 9, and the other using a dose of 1000 µg every week for 8 weeks followed by maintenance doses every 6 weeks, with a single cyclophosphamide dose 3 days before the L-BLP25 administration. Results revealed stabilization of the disease, adequate tolerance, and a cellular immune response, giving rise to phase II studies [21] . Due to the interesting results of the previous studies, a phase IIB open-label study was designed to detect a difference in survival of 5 months with a power of 80%. Non-small cell lung cancer stage IIIB and IV patients were enrolled between 2000 and 2002 by centers of Canada and the United Kingdom, including a total of 171 patients. 88 patients were admitted in the study arm and the rest were part of the BSC arm. BLP-25 liposome vaccine (L-BLP25) was administered weekly at a dose of 1000 µg (total dose was administered subcutaneously in 4 divided doses) during eight weeks and patients could be placed in maintenance therapy which consisted of vaccinations every six weeks starting on week 13 [22] . Patients in the immunotherapy arm were administered a single intravenous dose of cyclophosphamide 3 days before the vaccine since previous studies showed an increased immunotherapeutic effect through various mechanisms [23, 24] . Results from this phase II study showed a non-significant prolongation of the median survival time of 4.4 months (HR = 0.739; 95% CI, 0.509 -1.073) and the greatest benefit was seen in patients with stage IIIB locoregional disease.
There is another phase II study which included 22 patients with unresectable stage IIIA-IIIB NSCLC. These patients were treated with a different formulation of L-BLP25, where changes to the lipid A acyl chain composition were made. The drug was given at a dose of 1000 µg every week for a total of 8 weeks followed by a maintenance dose of 1000 µg every 6 weeks starting at week 13 until there was evidence of disease progression. After a follow-up of 26.7 months, 1-year survival rate was 82% (95% CI; 66% -98%) and the 2-year survival rate was 64% (95% CI; 44% -84%) [25] .
There are no phase III studies published with L-BLP25. Phase III studies have been opened, analyzing the role of in lung cancer. A placebo-controlled randomized Asian study (INSPIRE: Stimuvax Trial in Asian NSCLC Patients: Stimulating Immune Response) is currently recruiting stage III unresectable NSCLC patients with stable disease or who responded to primary chemoradiotherapy [26] . Also, the Stimulating Targeted Antigenic Responses to NSCLC (START) multinational trial has been started. It will evaluate L-BLP-25 as maintenance therapy in patients diagnosed with unresectable stage III NSCLC, aiming to enroll more than 1300 patients. Overall survival and safety will be assessed [27] .
Safety of emepepimut-S has been confirmed in the various trials using the vaccine. In the phase II study by Butts et al., no significant toxicity was observed and quality of life was maintained for a longer period of time in those patients who were treated with L-BLP25. 98.9% of the L-BLP25 arm and 95.2% of the control arm reported adverse events, mostly disease related, and 28.4% of the adverse events in the exploratory arm were considered to be due to the cyclophosphamide administered. Grade 1 flu-like syndrome and injection site reactions were the most common events in the exploratory arm, and serious adverse events were described in 26.1% of patients in the study arm (36.1% in the BSC arm), but only an episode of pneumonia was linked to the study drug [25] . In a long term safety analysis, 16 patients received the drug for a period of 2.0 to 7.7 years with a 96% compliance rate during the maintenance treatment given every 6 weeks. The most common treatment associated adverse events reported by the authors were cough (n = 12), fatigue (n = 12), and dyspnea (n = 11), but there was no increase in the frequency of adverse events due to the time of exposure of the treatment. No long-term renal or liver toxicity was observed, and no adverse event related to autoimmunity was encountered [28] .
The analysis of adverse events from the phase II study using a monophosphoryl lipid A in the preparation of L-BLP25 reported that the grade 1/2 adverse events were similar to those reported in the previous studies. These adverse events included fatigue, dyspnea, insomnia, anorexia, headache, diarrhea, paresthesia, abdominal pain, influenza-like illness, urinary tract infection and peripheral neuropathy. No discontinuation of treatment was observed [25, 29] . In a multiple myeloma exploratory phase II study using L-BLP25, a patient developed an episode of encephalitis. This patient was exposed to an intensified low-dose cyclophosphamide, not regularly used in other studies, which led to a temporary suspension of clinical trials that included L-BLP25. This suspension was later revoked and trials, such as INSPIRE and START, were restarted [30] .
In general, the safety of the vaccine has been demonstrated in various studies, and in general, the quality of life of patients receiving the vaccine has not been affected.
MAGE-A3
The Melanoma Associated Antigen (MAGE)-A gene family is expressed in cancer cells but not in normal tissue, therefore providing a therapeutic opportunity. MAGE-A3 produces an antigenic nonapeptide recognizable by T cells on the HLA-A1 molecule [31] . MAGE-A3 is expressed in around 35% of NSCLC patients and probably is related to a poor prognosis [32] . Initially developed against melanoma, the vaccine proved to have some response in these patients with a CD4 T-lymphocyte response directed to MAGE-A3 antigen in one patient [33] .
MAGE-A3 vaccine is an antigen-specific vaccine evaluated in a phase II trial in completely resected stage IB and II NSCLC patients expressing MAGE-A3. 1089 patients were screened for MAGE-A3 expression, and 182 patients were included in the study and randomized either to be treated with the vaccine or placebo as an adjuvant treatment. The vaccine was administered 5 times at 3-week intervals, followed by maintenance therapy every 3 months for a total of 8 applications. In general, treatment was tolerated adequately with 9.6% of patients developing a grade 3 or 4 event, of which only 3 were considered related to the vaccine by the research team. After a follow-up of 28 months, 30.6% of patients in the vaccine arm and 43.3% in the placebo arm were diagnosed with a recurrence of the disease. DFS HR and OS HR were of 0.73 (95% CI, 0.45 -1.16; p = 0.093) and 0.66 (95% CI, 0.36 -1.20; p = 0.088) respectively. None of the study endpoint results between the arms were statistically significant [34] . A phase III study named MA-GRIT (MAGE-A3 as Adjuvant non-small cell lunG cancer ImmunoTherapy) was initiated intended to recruit more than two thousand stage IB, II, or IIIA MAGE-A3 positive NSCLC patients. These will be randomized to either vaccine or placebo with DFS as the primary endpoint [35, 36] .
PF-3512676
Other immunotherapeutic approaches have been investigated in the management of NSCLC.
PF-3512676 (ProMune; Coley Pharmaceutical Group), a toll-like receptor (TLR)-9 agonist was evaluated as an antigen-specific vaccine in a phase 2 study [37] . It has been proven that activation of TLR-9 may diminish the immune tolerance and ameliorate apoptosis and the recognition of tumor antigens [38] . In this study, 112 stage IIIB-IV NSCLC patients received chemotherapy and were then randomized to receive the vaccine or placebo. A trend of improvement in survival was seen in the vaccine arm with a higher myelosuppression seen in the same arm. Given the results of this trial, two phase III trials were started but later were discontinued since no improvement was seen in patients receiving the vaccine [39, 40] .
Belagenpumatucel-L
Belagenpumatucel-L (Lucanix; NovaRx Corporation) tumor cell vaccine promotes the secretion of an antisense nucleotide to the transforming growth factor-β2 (TGF-β2). TGF-β2 stimulates immunosuppression of natural killer cells and dendritic cell activity, and has also been identified as a marker of poor prognosis in NSCLC patients [41] . Preclinical studies showed that the inhibition of TGF-β2 increased the immune response of tumor vaccines. A phase II study including 72 patients with stages II to IV NSCLC were randomized to one of three different dose levels (1.25, 2.5 or 5 × 107 cells per injection). There was a 16% response rate related to a higher amount of cells injected with a tolerable toxicity [42] . This vaccine has already entered a phase III trial intending to recruit around 500 stage IIIA (T3N2), IIIB, and IV NSCLC patients with overall survival as the primary endpoint [43] .
TG4010
TG4010 also targets the MUC1 tumor associated antigen. In contrast to emepepimut-S, TG4010 also expresses IL-2, which has been demonstrated to reverse the suppression of T-cell response initiated by the MUC1 mucin [44] . A phase II open label trial included 148 MUC1 positive stage IIIB or IV untreated NSCLC patients. Patients were randomized to receive platinum-based chemotherapy with or without TG4010. The drug was given weekly for six weeks and then a maintenance therapy every three weeks until progression. PFS at six months was 44% versus 35% with a non-significant difference favoring the group receiving the vaccine. A statistical significant difference was seen in response rate (43% versus 27%, p = 0.03) in those patients receiving the experimental drug [45] . A phase IIB/III study is waiting for participant recruitment, aiming for 1000 stage IV MUC1 positive NSCLC patients with PFS as the primary endpoint in the phase II study and OS in the phase III study [46] .
Anti-PD-1 Antibody
Programmed death-1 (PD-1) protein is a T-cell receptor that interacts with 2 ligands, PD-L1 and PD-L2 expressed by tumor cells, stromal cells, or both where an immunosuppressive action is produced [47] . The inhibition of the interaction of the PD-1 receptor and the ligand therefore enhances T-cell-mediated immune responses [48] . BMS-936558, a human PD-1 specific antibody was developed and a phase I study with the drug included administered to a group of treatment refractory cancer patients, where 122 patients were NSCLC patients [49] . Patients were enrolled in either a 1.0, 3.0, or 10.0 mg per kilogram of weight followed by a dose escalation protocol. Patients received the drug intravenously every 2 weeks in 8-week treatment cycle. Response rates with all doses were seen in 18% of patients with lung cancer and the majority of the responses were for a year or more. This study demonstrated a relationship between the anti-PD-1 antibody and an objective response towards cancer.
Conclusions
Therapeutic vaccines for the treatment of NSCLC have been included in various clinical trials, hoping to obtain positive results in patients. Different mechanisms of action have been explored, including antigen-specific vaccines and tumor cell vaccines. Due to the high mortality rate in lung cancer, novel therapeutic options with a limi ted toxicity are needed to be developed. Unfortunately only a few of these compounds have been included in phase III trials, with L-BLP25 and MAGE-A3 being the most studied. These drugs have been used with a favorable toxicity profile which make them an interesting additional element to be included in the future treatment of NSCLC, including patient with a poor performance status. The results from these phase III trials are eagerly awaited hoping to verify the findings of previous trials.
These vaccines have included patients with NSCLC in early stages of the disease, and these are the patients that will probably benefit the most from this type of therapy. Locally advanced and metastatic patients have not showed a clear benefit from L-BLP25 or MAGE-A3 vaccines, and the reasons for this lack of response have not been elucidated. It has been observed that the immune response developed in patients treated with immunotherapy varies, even in those patients who showed a response. Therefore, other pathways may be involved in the response of these vaccines. As a result, biomarkers should be explored in order to identify which patients might develop a better immune response, and therefore show the most benefit from this type of therapy. Time will unveil the true importance and advantages of these vaccines or future vaccines as a treatment option in NSCLC patients.
